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ABSTRACT 
Macro- and micro-botanical remains dating from the 
Upper Paleolithic through early Neolithic periods in 
North China have provided significant information for 
reconstructing the changing subsistence patterns as hu-
man groups evolved from mobile hunting-gathering socie-
ties to sedentary farming communities. Starch analysis on 
grinding stones, in particular, has revealed much new 
data that supplement the inventory of carbonized remains 
recovered by flotation methods. This paper reviews some 
recent research projects which have documented a long 
tradition of processing various plants with grinding 
stones in the Middle Yellow River valley, including tu-
bers, beans, nuts, and cereals. Exploitation of wild millet 
can be traced back to 23,000-19,500 cal. BP, more than 
10,000 years before its domestication. Several species of 
tuber, acorn, and wild grasses made up significant pro-
portions of staple food during the early Neolithic, when 
millet domestication was already underway. These new 
data help us to better understand the extended transition-
al process to agriculture in the Middle Yellow River re-
gion. Archaeobotany is in an early stage of development 
in China; it is important to employ an interdisciplinary 
approach for a more complete documentation of plant use 
in the past and a better understanding of subsistence 
practices then. 
INTRODUCTION 
Recent archaeological findings suggest that the transition 
from mobile hunting-gathering societies to sedentary 
farming communities in China was a very long process, 
and different regions experienced diverse trajectories to a 
Neolithic way of life that was often characterized by do-
mestication of plants and animals. In regard to plant do-
mestication, archaeobotanical studies based on macro-
remains have indicated that North China was the regional 
center where foxtail millet (Setaria italica spp. italica) 
and broomcorn millet (Panicum miliaceum) were first 
domesticated as major dry-land crops (Zhao 2011; 2014). 
Within this geographical context, the Yellow River valley 
is one of the areas in which a millet-based agriculture 
system first emerged.  
The employment of flotation methods in recent dec-
ades in China has revolutionized our understanding of 
plant use in prehistory. However, many sites excavated 
before the 1990s did not benefit from use of this method. 
Moreover, macro-botanical remains recovered by flota-
tion may manifest only a part of the plant inventories in 
ancient diets. It is therefore important to employ a multi-
disciplinary approach to recover more complete archaeo-
botanical information from archaeological contexts, in 
order to reconstruct a fuller picture of past subsistence 
practices.  
Micro-botanical study and usewear analysis of arti-
facts have shown great potentials for obtaining infor-
mation on human exploitation of plants (e.g., Dubreuil 
2004; Fullagar and Jones 2004; Fullagar et al. 2008). 
These methods have also been employed to study artifacts 
from the late Pleistocene (Guan et al. 2014; Liu et al. 
2011; Liu et al. 2013a), the early Holocene (Liu et al. 
2010b; Yang et al. 2012a; Yang et al. 2014) and the early 
Neolithic period (Liu et al. 2010a; Zhang, Y. et al. 2011b) 
in the Yellow River region. Starch analysis of food pro-
cessing tools has revealed fine-resolution data on plant 
use. This method is particularly useful for studying the 
sites excavated prior to the employment of flotation 
methods, and therefore can supplement the information 
derived from macro-botanical analysis. 
The term Upper Paleolithic in China generally refers 
to the period of the late Pleistocene when the material 
remains are characterized by chipped stone tools with an 
absence of plant/animal domestication and sedentism. 
Although China holds the earliest record of pottery mak-
ing in the world, dating to 20,000 years ago (Wu et al. 
2012), this innovation did not seem to have changed the 
mobile hunting-gathering subsistence strategies. There-
fore, I do not regard the presence of pottery as an indica-
tor of the beginning of the Neolithic. The Neolithic in this 
paper is defined as the presence of a series of technologi-
cal and social developments, including domestication of 
plants and animals, the practice of sedentism, and the 
common use of pottery and ground stone tools. Based on 
the archaeological data currently available, these devel-
opments appeared as a material assemblage around 9000 
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years ago. The period from the onset of the Holocene to 
the beginning of the Neolithic (ca. 11,700-9000 cal. BP) 
is regarded as a transitional phase in this study. 
This paper reviews the new data generated from starch 
analysis of grinding stones found at two Upper Paleolithic 
sites and at eight Neolithic sites in the Middle Yellow 
River region (including Henan, southern Shanxi and 
southern Hebei provinces), most of which were excavated 
without flotation techniques. The results demonstrate a 
variety of plants exploited by humans for a very long time 
period, from the Upper Paleolithic through the early Neo-
lithic period (23,000-7000 cal. BP). These studies, togeth-
er with macro-botanical research, can help us reconstruct 
for this part of North China, some possible trajectories to 
food production that may be compared with analogous 
developmental paths in other regions of the world. Loca-
tions of the sites discussed in the paper are shown in Fig-
ure 1. 
MACRO-BOTANICAL REMAINS 
Only a small number of sites in the Yellow River Valley 
dating from the Upper Paleolithic to the Early Neolithic 
have been subjected to the flotation method and charred 
seeds have been recovered, suggesting a gradual change 
from wild grass foraging to cereal-based farming. Wild 
Setaria and Echinochloa spp. were present at Shizitan 
Locality 9 in Shanxi by13,800-11,600 cal. BP (Bestel et 
al. 2014). The earliest evidence for the cultivation of 
Setaria sp., on the basis of morphological change, has 
been discovered from Donghulin in Beijing (ca. 10,000 
cal BP) (Zhao 2014). Millet domestication became wide-
spread by 8000-7000 cal BP along the Yellow River re-
gion, stretching across a range from Shandong and Henan 
to Gansu (Crawford et al. 2013; Lee et al. 2007; Liu 
2006). Although rice has also been found at several sites 
north of the Huai River, such as Jiahu in Henan (Liu et al. 
2007; Zhao and Zhang 2009) and Yuezhuang in Shan-
dong (Crawford et al. 2013), foxtail and broomcorn mil-
lets appear to have been the predominant crops cultivated 
in this region. In the Middle Yellow River valley, in par-
ticular, the macro-botanical remains from ten sites, dating 
to the Upper Paleolithic and Early Neolithic, show that 
cereals and nuts are much more frequently represented 
than tubers and roots in the plant assemblages (Table 1). 
This inventory, however, is not likely to be a complete list 
of the plants exploited by ancient peoples, and other 
methods need to be used to recover more plant remains.  
FOOD GRINDING IN PALEOLITHIC AND 
NEOLITHIC TIMES 
Food grinding technology was developed as a part of 
modern human behavior, and can be traced back to as 
early as 200,000 years ago in Africa (Fullagar 2006; Van 
Peer et al. 2003). This technology became much more 
widespread in the world by ca. 30,000-23,000 years ago, 
exemplified by the grinding implements found in the Near 
East, Europe, and Australia (Fullagar and Field 1997; 
Piperno et al. 2004; Revedin et al. 2010). These tools 
were used primarily for processing plant foods for human 
consumption, as indicated by residue and usewear anal-
yses, although use on non-plant foods and non-food mate-
rials may have also been parts of their function (e.g., 
Adams 2010; Dubreuil 2004; Ebeling and Rowan 2004; 
Wright 1994).  
In north China, intensive food grinding can be traced 
back to ca. 25,000-11,600 cal BP, indicated by grinding 
stones found at Shizitan (Shizitan Archaeology Team 
2010; 2013) and Xiachun (Lu 1999; Wang et al. 1978), 
both in Shanxi, and Longwangchan in Shaanxi (Zhang et 
al. 2011a). This technology continued to be a dominant 
tradition of food preparation during the early Holocene 
(ca. 11,700-9000 cal BP), when millet cultivation may 
have begun, exemplified by Donghulin in Beijing 
(Archaeology Department et al. 2006) and Nanzhuangtou 
in Hebei (Li et al. 2010). During the early Neolithic peri-
od (ca. 9000-7000 cal. BP), grinding stones were com-
monly used by people of the Peiligang and Cishan cul-
tures in the Middle Yellow River valley. However, use of 
this technology diminished during the Yangshao culture 
of the middle Neolithic period, when population densities 
increased significantly and millet agriculture became 
established (ca. 7000-5000 cal. BP). The changing distri-
butional patterns of this tool type thus suggest that grind-
ing stones are likely to have been associated with an in-
tensive foraging economy before agriculture became a 
dominant subsistence strategy in this region. Understand-
ing what plants were ground on these tools, therefore, will 
shed light on the subsistence practice then. 
Usewear analysis on grinding stones which were ex-
amined for residue remains in this study suggests that 
these tools were all used, although not exclusively, for 
processing plants. Starch residues uncovered from the 
same tools indicate that they were used for processing 
primarily wild foods. Grass husk phytoliths have rarely 
been recovered, indicating that these tools are unlikely to 
have been used to dehusk cereals. This paper focuses on 
results of starch analysis. 
It is notable that the percentages of starch grains of 
certain plants recovered from stone tools cannot be direct-
ly used to determine the proportion of plants used in the 
subsistence system of the past, since some plants may 
have been consumed without being ground. However, the 
starch data help us to understand, in a broad view, the 
components of those starchy foods, as processed with the 
tools that contributed to human diets. If certain patterns of 
starch components are repeatedly found in multiple cases 
and at multiple sites, they are probably meaningful for the 
reconstruction of the human subsistence patterns. In addi-
tion, combining data generated from macro-botanical 
analysis with residue remains we can provide a more 
holistic picture of plant exploitation in the region. 
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Figure 1. Location of major sites discussed in the text (dashed circle: the study area). 1: Longwangchan; 2: Shizitan; 3: Donghulin; 4: 
Zhuannian; 5: Nanzhuangtou; 6: Shigu; 7: Peiligang, Shawoli, and Gangshi; 8: Egou; 9: Zhaigen and Bangou; 10: Niupiziwan; 11: 
Cishan; 12: Jiahu.  
 
Table 1. Macro-botanical remains found in Upper Paleolithic and Early Neolithic sites in the middle Yellow River region.  
Site Method Cultigen Wild plants Reference 
Shizitan 9 flotation  Chenopodiaceae, Echinochloa sp. Setaria sp. Paniceae tribe Bestel et al. 2014 
Jiahu flotation rice wild rice, acorn (Quercus sp.), water caltrop, tubers, lotus 
root, walnut, wild grape, soybean 
Zhao and Zhang 
2009 
Peiligang hand pick possible 
foxtail millet 
walnut, Plum, jujube  Kaifeng 1978, 
1979; Zheng 1984  
Shawoli hand pick possible 
millet 
walnut, jujube Institute of Ar-
chaeology 1983 
Egou hand pick  acorn (Q. acutissima), walnut, jujube Henan Provincial 
Museum 1981 
Shigu hand pick  hazelnut, walnut, jujube, elm fruit Henan Institute 
1987 
Shuiquan hand pick  acorn (cf. Q. variabilis), walnut (Juglans mandshurica), jujube 
(Zizyphus jujube) 
Henan 1st Team 
1995 
Tieshenggou hand pick  fruits and nuts Fu 1980; Kaifeng 
1980; Institute of 
Archaeology 1986 
Wuluo Xipo flotation foxtail millet nuts, foxtail grass, Panic grass Lee et al. 2007 
Fudian flotation foxtail millet foxtail grass Lee et al. 2007 
Bestel et al. 2014 
 
PLANT EXPLOITATION DURING THE 
TRANSITIONAL PERIOD (23,000-9000 CAL. BP) 
The best information for the reconstruction of plant forag-
ing during the Upper Paleolithic period comes from the 
Shizitan site cluster in Shanxi. This is a series of more 
than 50 Upper Paleolithic localities (ca. 25,000-8500 cal. 
BP) distributed within 15 km along the Qingshui River, a 
tributary of the Yellow River. All these localities are 
characterized primarily by a microlithic technology, with 
no pottery, dwelling structures, human burials, or storage 
facilities found, suggesting that the occupants were mo-
bile hunter-gatherers (Linfen Cultural Bureau 1989; Shi 
2011; Shizitan Archaeology Team 2002; 2013). 
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During the last glacial maximum period (LGM; 
26,500-19,000 cal BP), the climate in the Shizitan region 
was dry and cold, featuring a steppe environment. Be-
tween ca. 18,500 and 13,200 cal. BP this region experi-
enced the last deglaciation, characterized by a mild and 
arid or semi-arid steppe environment with a small amount 
of deciduous and broadleaved species. This episode was 
then followed by a dry and cold period dating to 13,200-
13,000 cal. BP before another era of improved climatic 
conditions from 13,000 to 8400 cal. BP (Song 2011: 167). 
The last episode was punctuated by a short period of cold-
dry conditions, known as the Younger Dryas (YD; 
12,900-11,700 cal. BP), before the onset of the Holocene 
with its warm and wet climate. 
Grinding stones were uncovered from several locali-
ties, and seven from Locality 14 and Locality 9 have been 
analyzed (Figure 2).  
Shizitan 14 (ca. 23,000-18,000 cal. BP) was occupied 
primarily during the LGM. Three sandstone slabs, dating 
to ca. 23,000-19,500 cal. BP, were subjected to residue 
and usewear analyses. The total of 136 starch grains re-
covered were dominated by Triticeae tribe grasses (33%), 
followed by Dioscorea sp. yam (18%), beans of the Faba-
ceae family (15%), Paniceae grasses (13%), and Tricho-
santhes kirilowii snakegourd root (11%) (Liu et al. 2013a) 
(Figure 3).  
Shizitan 9 (ca. 13,800-8,500 cal. BP) was occupied 
during a period of transition from the Pleistocene to the 
Holocene, when the climate changed from cold-dry (YD) 
to warm-wet conditions (Holocene). Carbonized seeds of 
wild millets (Setaria and Echinochloa spp.) and goosefoot 
(Chenopodium sp.) are present in flotation samples, dating 
to 13,800-11,600 cal BP (Bestel et al. 2014). Four grind-
ing stones (two slabs and two handstones), dating to 
12,700-11,600 cal BP, were analyzed for plant residues. A 
total of 212 starch grains were recovered, with most being 
derived from a tool unearthed from a later occupation 
stratum dating to the onset of Holocene. The great majori-
ty of starch grains are from grasses, including Panicoideae 
(most likely Paniceae) (38%) and Triticeae tribe grasses 
(26%); Quercus sp. acorns (26%) appeared for the first 
time; and small proportions of starch belong to tubers 
(snakegourd root, 2%; and yam, 2%) and beans (2%) (Liu 
et al. 2011) (Figure 3).  
Summary  
Paniceae grass starch on the Shizitan 14 grinding stones 
constitutes, to date, the earliest and most direct evidence 
for human consumption of these types of grasses in North 
China. The Paniceae tribe includes Setaria italica ssp. 
viridis (green foxtail grass), which is the wild ancestor of 
Setaria italica ssp. italica (domesticated foxtail millet). 
Carbonized foxtail millet seeds showing an early stage of 
domesticated morphology have been identified at the 
Donhulin site in Beijing (ca. 10,000 cal BP) (Zhao 2014). 
Some of the Paniceae starch grains on the Shizitan 14 
grinding stones resemble modern reference samples from 
S. i. ssp. viridis, indicating that wild millet was exploited 
more than 10,000 years before its cultiva-
tion/domestication. 
 
Figure 2. Representative grinding stones analyzed for residue 
remains and usewear traces discussed in this study. 
Some of the Paniceae starch grains from Shizitan 9 are 
likely to have also derived from Setaria sp., as carbonized 
seeds of this genus with wild morphology have been 
found on the lower strata of the site (Bestel et al. 2014). 
Plant residues on pottery from Zhuannian in Beijing (ca. 
10,000 cal BP) (Yang et al. 2014), as well as on grinding 
stones from Donghulin in Beijing and Nanzhuangtou in 
Hebei (ca. 11,500-11,000 cal BP) (Yang et al. 2012a) also 
contain significant proportions of Paniceae starch grains. 
These data indicate that intensive exploitation of small-
grained cereals was widespread in North China. If the 
Donghulin millet seeds already show morphological 
change due to human selection, as mentioned above, then 
pre-domestication cultivation of millet may have originat-
ed in hunting-gathering groups of the terminal Pleisto-
cene, such as Shizitan 9. This hypothesis needs to be 
tested with more data in the future. 
Triticeae grass starch grains account for significant 
proportions of the starch assemblages from both Shizitan 
14 and Shizitan 9. Many taxa in the Triticeae tribe are 
indigenous to north China and still found in Shanxi today 
(Liu and Yue 2004). These include genera of Agropyron, 
Elymus, Roegneria, and Leymus. Triticeae starch grains 
have also been found on flaked stone tools from Shui-
donggou in Ningxia (ca. 30,000-20,000 cal. BP) (Guan et 
al. 2014), as well as on grinding stones and pottery ves-
sels at the early Holocene sites of Donghulin, Zhuannian 
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and Nanzhuangtou (Yang and Perry 2013; Yang et al. 
2014). Despite a long history of exploitation of Triticeae 
grasses in North China, these plants have never gone 
through a domestication process in any part of the world.  
Beans (in the Fabaceae family) appear to have been 
one of the earliest plant foods used by hunter-gathers in 
North China. The earliest known macrobotanic remains of 
starch-rich beans have been identified as Adzuki bean 
(Vigna angularis), dating to the late Neolithic in Shan-
dong (Crawford et al. 2005). It is possible that some gene-
ra of beans were indigenous in north China, and used long 
before the Neolithic period.  
Dioscorea sp. Yam and Trichosanthes snakegourd 
root are tubers which rarely survive in an identifiable 
form in the archaeological record under normal conditions 
in China. Their starch grains, however, are clearly differ-
ent from those of grasses, beans, and nuts, and have been 
identified in many sites. Starch analysis, therefore, is to 
date the best method to recover such plants. These tubers 
are distributed widely in North China today, and used as 
traditional medicine (Lu and Chen 1986:218, 244-245; 
Pei and Ding 1985:103-105). Whereas yams have been 
commonly cultivated and cooked as food, snakegourd 
root has not been regularly consumed in North China 
except when used as a famine food. Snakegourd roots 
were skinned, cut into slices, and soaked in water for four 
to five days with the water changed each day. The roots 
were then ground with tools and sieved with textile to 
produce very fine flour. Alternatively, the roots might be 
dried and ground before being leached more than 20 times 
to make very fine flour. The flour then could be used to 
make cakes or noodles (Zhu 1406). It is important to note 
that the snakegourd root needs to be ground to flour for 
consumption, a scenario in line with the starch found on 
grinding stones in ancient sites.  
Quercus acorn: The starch assemblages from the two 
Shizitan localities are alike, all including similar taxa of 
tubers, grasses, and beans. The exception is Quercus 
acorn, which was absent at Shizitan 14, but present at 
Shizitan 9. This change is consistent with the pollen pro-
files from the region where Quercus sp. appeared in the 
onset of the Holocene as the climate became warmer and 
wetter (Xia et al. 2002). This new type of food resource 
seems to have been soon exploited by humans at Shizitan. 
Acorn contains a considerable concentration of tannins, 
which need to be removed by grinding and leaching be-
fore human consumption (Mason 1996). The pre-existing 
technology for processing snakegourd roots, which in-
cluded grinding and leaching, may have helped Shizitan 
people to utilize this new but toxic nut. 
PLANT EXPLOITATION DURING THE EARLY 
NEOLITHIC PERIOD (CA. 8500-7000 CAL BP) 
Currently there is a lack of data in the archaeological 
record about plant use during the early Holocene in the 
Middle Yellow River region, but we have better 
knowledge about the early Neolithic remains. They are 
represented by the Peiligang and Cishan cultures, coincid-
ing with an episode of warm and wet climatic conditions 
known as the mid-Holocene climatic optimum. Most sites 
in this region are small settlements. Excavations have 
revealed remains of houses, burials, ash pits, pottery, and 
stone tools, indicating a high level of sedentary lifestyle. 
Millet domestication was already underway, indicated by 
the presence of carbonized millet grains and phytolith 
remains with clear characteristics of a domesticated mor-
phology (Lee et al. 2007; Lu et al. 2009). Grinding stones 
(slabs and elongated handstones) account for significant 
proportions of lithic tool assemblages. Compared with the 
Paleolithic artifacts, the early Neolithic grinding stones 
are more regular in shape and larger in size, suggesting a 
more intensive use of these food processing implements 
(Figure 2). This typological change may be related to an 
increased population density and a higher degree of sed-
entism. 
Grinding stones from the Peiligang culture  
Grinding stones from seven Peiligang culture sites have 
been subjected to residue analysis. These include five 
sites located on the floodplains of central Henan (Egou, 
Shigu, Peiligang, Shawoli, and Gangshi) (Liu et al. 2010a; 
Zhang 2011; Zhang et al. 2011b) and two sites situated on 
the southern bank of the Yellow River in Mengjin county, 
western Henan (Zhaigen and Bangou) (Liu et al. 2013b). 
A total of 25 grinding stones from these sites were ana-
lyzed and more than 2800 starch granules recovered, 
identifiable to eight taxa. The predominant starch grains 
belong to acorn, Triticeae grasses, snakegourd root, Job’s 
tears (Coix lacryma-jobi), and millet, while only a few 
grains are identifiable as beans, Dioscorea sp. yam, and 
other tubers (Table 2; Figure 3). 
Most plants found in Peiligang starch assemblages are 
similar to those in the late Paleolithic Shizitan sites, with 
the exception of Job’s tears, which belongs to Andropo-
goneae tribe of Panicoideae subfamily. Job’s tears and 
millets show considerable overlapping in starch morphol-
ogy, but several features of Job’s tears starch differ from 
those seen in millets. A statistical model has been recently 
developed to separate Job’s tears from millets, and suc-
cessfully applied to ancient assemblages, including the 
case of Zhaigen discussed in this paper (Liu et al. 2014). 
However, several previously published reports of starch 
remains do not benefit from this new method. Therefore, 
some Panicoideae-type starch assemblages exhibiting 
characteristics of Job’s tears and millets, taken from 
Peiligang culture sites, can only be identified as Job’s 
tears/millet (Table 2).  
Grinding stones in the Cishan culture 
Grinding stones from two Cishan culture sites (Niupiz-
iwan in Wuxiang, Shanxi province, and Cishan in Wu’an, 
Hebei province) have been studied to recover starch re-
mains. 
Niupiziwan is located in the western part of the Tai-
hang Mountains. A set of grinding stones (a broken slab 
and a handstone) discovered there was analyzed. A total 
of 92 starch grains were found, including Quercus acorn 
(32; 35%), Triticeae grasses (25; 27%), Paniceae grasses, 
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possibly including domesticated millet (16; 17%), 
snakegourd root (4; 4%), and beans (2; 2%) (Liu et al. 
2014). The mountainous ecosystem around Niupiziwan 
was likely similar to that of Shizitan, and the starch as-
semblages from Niupiziwan and Shizitan S9 are almost 
identical in terms of the plant taxa recovered on grinding 
stones. These include high proportions of small-grained 
seeds (wild and domesticated) from the Triticeae and 
Paniceae tribes. Millet starch grains have also been recov-
ered from grinding stones at the Cishan site (Yang et al. 
2012b), although the details of the entire starch assem-
blage have not been published. 
 
Figure 3. Representative starch grains uncovered from grinding stones (each starch grain is shown in DIC and polarized views). 1,2: 
Bean; 3,4: Triticeae grass; 5-8: Trichosanthes kirillowii snakegourd root; 9,10: Dioscorea sp. yam; 11,12: Quercus acorn; 13,14: 
Paniceae millet grass; 15,16: Coix lacryma-jobi Job’s tears (1-10, 13,14: Shizitan 14; 11: Shizitan 9; 12, 15,16: Zhaigen; scale: 
1.3.9: 20 µm; 5,7,11-16: 10 µm).  
DISCUSSION 
The results of starch analysis on grinding artifacts shed 
light on a long history of intensive plant exploitation in 
the Middle Yellow River region. The plant residues on 
Shizitan 14 grinding stones provide the earliest direct 
evidence for human use of a wide range of plant foods 
during the LGM. The presence of high percentages of 
Triticeae and Paniceae starch on grinding tools from Shi-
zitan 14 (46% of the total) and Shizitan 9 (50% of the 
total) indicates intensive collecting of small-grained 
grasses, in addition to tubers and beans, in the Qingshui 
River valley. This observation is consistent with the grass-
dominated ecosystem of the region as suggested by pollen 
analysis (Xia et al. 2002).  
The intensive exploitation of these grasses during the 
LGM at Shizitan may have been related to an adaptation 
to the harsh environment. Given that Upper Paleolithic 
sites are unusually dense along the Qingshui River, there 
may also have been a considerable level of population 
pressure in the area, as people in other less hospitable 
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9 10 11 12
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regions may have retreated to a few refuges, like the 
Qingshui River valley, where natural resources were rela-
tively abundant. Currently we know little about plant 
exploitation before the LGM in the Shizitan area; further 
research is needed to extend our knowledge to a deeper 
history of plant-based subsistence strategies there. 
Wild millets appear to have been targeted for intensive 
collection in the Upper Paleolithic, leading to processes of 
domestication for these very small-seeded cereals. Indige-
nous Triticeae grasses commonly found in north China 
include genera of Agropyron, Elymus, Roegneria, and 
Leymus, which all produce seeds larger than millet. Trit-
iceae grasses were evidently collected for food, based on 
starch remains, but none of them has ever been domesti-
cated. More studies are needed to understand why millets, 
rather than other grasses, were cultivated and domesticat-
ed. 
Job’s tears is an annual plant, growing in moist soil 
conditions and native to tropical and sub-tropical regions 
of Asia. It has a range of variation in fruit type, shape and 
size. There are two species of Job’s tears with several 
variants in China: Coix lacryma-jobi Linnaeus (yiyi in 
Chinese) with four variations, and Coix aquatic 
(shuisheng yiyi in Chinese). The cultivated C. lacryma-
jobi var. lacryma-jobi exhibits a bony utricle and is grown 
for decorative purposes (e.g., as beads for making neck-
laces), while C. l. var. ma-yuen has a thinner utricle and is 
produced for food and medicine (Chen and Phillips 2006). 
It has been suggested that wild forms of Coix have harder 
and bonier utricles, and the cultivated thin-utricle races of 
Coix originated through gene mutation from the wild 
forms as a result of conscious selection by humans for 
easy husking (Arora 1977). Job’s tears, wild and/or do-
mesticated, is widely distributed in most parts of China 
except for Qinghai, Gansu, and Ningxia (Huang et al. 
1995). This plant produces much larger seeds than millet, 
and its use for food appears to have had a very long histo-
ry in China. Starch grains of Job’s tears have been found 
on pottery at Kuahuqiao in the Lower Yangzi River re-
gion (Yang and Jiang 2010), in addition to grinding stones 
from several Peiligang culture sites discussed in the cur-
rent study, all dating to the early Neolithic. The macro-
remains of Job’s tears, however, have been found mostly 
in waterlogged or desiccated conditions. These are seeds 
found at Hemudu in Zhejiang (7000-5000 cal BP) 
(Zhejiang Institute of Archaeology 2003), Chengtoushan 
in Hunan (6400-6200 cal BP) (Liu and Gu 2007), Baodun 
in Sichuan (4700-4000 cal BP) (Guedes et al. 2013), and 
well-preserved involucres from Sampula in Xinjiang 
(2000 cal BP) (Jiang et al. 2008). 
Job’s tears was not only commonly consumed as food 
in ancient times, but also assumed symbolic meanings. As 
recorded in ancient texts, it was associated with the birth 
of the legendary king, Yu the Great (Zhao et al. 1995). 
This plant apparently enjoyed much greater economic and 
social significance than we have recognized previously. 
Nevertheless, the process of its domestication remains 
elusive. Given that its native habitation is in tropical and 
sub-tropical regions, it is unclear if the Peiligang culture 
area was outside the natural distribution area of wild Job’s 
tears, and if this plant was brought to the Yellow River 
valley by humans through cultivation. These questions 
need to be addressed in future research.  
Tubers (snakegourd root and yam) were collected and 
processed continuously from the Paleolithic to the Neo-
lithic, regardless of the emergence of millet domestica-
tion. Tubers and acorns were particularly predominant in 
the Peiligang starch assemblages. Such extensive use of 
tubers in the prehistory of the Middle Yellow River region 
is new knowledge, owing to the employment of starch 
analysis. The tradition of collecting and processing 
snakegourd root and yam as staple foods for such a long 
period of time also raises a question about their domestici-
ty, a topic that also needs to be explored in the future. 
CONCLUSION 
This paper uses the data generated from residue analysis 
on grinding stones, integrated with macro-botanic infor-
mation, to investigate the plant exploitation practiced in 
various ecological settings in the Middle Yellow River 
valley. Starch assemblages from Paleolithic and Neolithic 
sites dating from 23,000 to 7000 cal BP provide a broad 
picture showing how the transition to agriculture and 
pathways to Neolithization may have taken place in this 
region. 
The intensive exploitation of diverse plants (including 
tubers, grasses, and beans), processed with grinding 
stones, was practiced during the LGM among Paleolithic 
populations who occupied small river valleys with rela-
tively abundant natural resources. More studies are need-
ed to understand the plant use prior to the LGM in this 
region in order to understand a deeper tradition of plant 
use and to evaluate the impact of climatic change on hu-
man subsistence adaptation there. 
Pre-domestication cultivation may have occurred dur-
ing the Younger Dryas (YD), prior to the Holocene. This 
hypothesis is based on the observation that morphologi-
cally recognizable domesticated millet was first present at 
Donghulin dating to the beginning of the Holocene, and 
pre-domestication cultivation may predate morphological 
domestication by a millennium or more (Willcox 2012). 
The cold and dry climate coupled with population pres-
sure in a few favorable areas during the YD may have 
triggered the start of cultivating small-grained grasses in 
the Levant of the Near East (Bar-Yosef 2011). Further 
research should investigate if a similar process also oc-
curred in north China. 
The development towards full agriculture with mor-
phological domestication of millets in the early Neolithic 
Middle Yellow River valley is characterized by a continu-
ation of the broad-spectrum subsistence strategy. Millet 
domestication occurred in conjunction with collecting 
many taxa of other plants, particularly tubers, Job’s tears, 
acorn, and wild grasses. A regional difference is also 
observable between the composition of starch assemblag-
es from the mountainous regions in Shanxi and the flood-
plains in Henan. Grass and acorn starch grains account for 
significant proportions in Shizitan 9 and Niupiziwan as-
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semblages from Shanxi. In contrast, starch grains from the 
sites in Henan are predominantly tubers, acorns, and Job’s 
tears. Since the research area is rather small, further study 
on plant use over a broader region is needed to see if this 
pattern holds.  
Macro- and micro-botanical analyses are clearly com-
plementary to one another. While macro-botanical analy-
sis of plants’ morphological changes provides crucial 
information for determining their domesticity, micro-
botanical research can recover starchy plants that may not 
survive well in normal archaeological conditions, or are 
not easily identifiable in macro-botanical remains. In the 
examples discussed in this paper, millet remains have 
been found in both flotation and residue samples; soy-
bean, which contains little starch, was recovered in flota-
tion samples; but Job’s tears, yam, snakegourd root, Trit-
iceae grasses, and some beans have all been recovered 
only from starch residues. Archaeobotany is in an early 
stage of development in China; therefore, it is important 
to combine both approaches for a more complete docu-
mentation of plant use in the past and a better understand-
ing of subsistence practices. 
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Table 2. Starch grains uncovered from grinding stones discussed in the text. 
Site Culture 
Date  
cal. BP 
No. 
of 
tools 
No. of 
starch 
Snakegourd 
root Yam Acorn 
Tritice-
ae 
grass 
Wild 
millet 
Wild/ 
dom. 
millet 
Job’s 
tears 
Job’s 
tears/ 
millet Beans 
 
 
Tubers 
Uniden-
tified 
 
 
Reference 
Shanxi province 
Shizitan 14 
Upper 
Paleo. 
23,000-
19,500 3 136 15 (11%) 
24 
(18%)  
45 
(33%) 
18 
(13%) 
   20 
(15%) 
 14 
(13%) 
Liu et al. 
2013a 
Shizitan 9 
Upper 
 Paleo. 
12,700-
11,600 4 212 4 (2%) 
5 
(2%) 
56 
(26%) 
26 
(12%) 
80 
(26%) 
   
4 (2%) 
 37 
(17%) 
Liu et al. 
2011 
Niupiziwan Cishan 7000 2 92 4 (4%)  
32 
(35%) 
25 
(27%)  
16 
(17%) 
  
2 (2%) 
 13 
(14%) 
Liu et al. 
2014 
Henan province 
Zhaigen 
late 
Peiligang 7000 1 > 1050 ca. 1000 
 
1 16 
 
  
26 
 
 
 
 
9 
Liu et al. 
2013b 
Bangou 
late 
Peiligang 7000 1 29 15 (52%) 
 
4 
(14%) 4 (14%) 
 
   
 
 
6 (21%) 
Liu et al. 
2013b 
Egou Peiligang 
8500-
7000 3 318 prest prest prest 
 
prest 
   
prest 
 
prest 
Liu et al. 
2010 
Shigu Peiligang 
8500-
7000 3 22 1 
 
 
  
   
 
 
21 
Liu et al. 
2010 
Egou, Shigu, 
Shawoli, 
Gangshi Peiligang 
8500-
7000 7 396 
  
132 
(33%) 
90 
(23%) 
 
   
 
93 
(23%) 
 
 
81 
(20%) 
 
Zhang et 
al. 2011 
Peiligang Peiligang 
8500-
7000 8 1069 
  
495 
(46%) 
260 
(24%) 
 
  129 
(12%) 
 
4 
(0.4%) 
181 
(17%) 
Zhang 
2011 
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